Objective A retrospective evaluation of the effectiveness of simple aspiration therapy in primary spontaneous pneumothorax was carried out. Methods We enrolled 143 patients with mild and moderate primary spontaneous pneumothorax between June 2006 and October 2010. Clinical backgrounds and therapeutic results from 92 patients that underwent simple aspiration therapy were assessed. Results All patients were treated safely without any serious complications. With the exception of one patient with an unknown result, the initial success rate after three days was 72.5% (66 out of 91 patients). Chest X-ray analysis at the first medical examination showed that the success rate was significantly low in patients with a larger vertical rim between the apex and top of the lung and a higher collapsed area ratio; in particular, the success rate was markedly decreased in cases that exceeded 8 cm and 50%, respectively. No significant difference was observed in the aspiration volume, however, the success rate was lower when the aspiration volume was more than 1,500 mL. The recurrence rate at one year was 36.4% (24 out of 66 successfully treated patients). Conclusion Our results are nearly identical to previous reports from other countries and show that simple aspiration has proved to be a safe and effective therapy.
Introduction
The initial treatment of primary spontaneous pneumothorax (PSP) including observation, simple aspiration, and chest tube drainage, depends on the choice by the primary physician. Although guidelines based mainly on expert consensus and a few randomized control trials are available, the classification of and therapeutic approaches to PSP are variable in the guidelines from various countries.
The American College of Chest Physicians (ACCP) released the Delphi consensus statement in 2001 where chest tube or pleural catheters were recommended as the preferred interventions over simple aspiration in the management of PSP (1) . Observation was recommended for patients with "small" pneumothoraces, defined as a distance of less than 3 cm between the apex and the top margin of the collapsed lung, whereas the other "large" pneumothoraces were to be treated with small-bore catheters or standard chest tubes. On the other hand the British Thoracic Society (BTS) guidelines (2003) recommended that simple aspiration should be the treatment of choice for stable PSP, which requires intervention regardless of the size of pneumothorax (2) . They presented a flow chart for the treatment of PSP where "small" and "large" pneumothoraces were classified as the horizontal distance of <2 cm or >2 cm between the chest wall and side margin of the collapsed lung, respectively. BTS guidelines updated in 2010 (3) showed that the choice of a 2 cm distance was set at the level of the hilum to measure the ratio of the lung to the hemithorax diameter. Simple needle aspiration was shown to be associated with reduced hospitalization and length of stay. The guidelines for pneumothorax treatment by the Japanese Society for Pneumothorax and Cystic Lung Diseases were issued in 2009 (published in Japanese). According to the degree of the collapsed lung the pneumothoraces were simply classified into three groups: "mild" as the pneumothorax cranial to the level of collarbone area; "moderate" as intermediate between mild and severe pneumothoraces; and "severe" as the pneumothorax with completely collapsed lung. They recommended that observation or aspiration should be chosen in cases of mild pneumothoraces without symptoms, and that chest tube drainage should be chosen for other large (moderate and severe) pneumothoraces. Chest tube drainage is experientially chosen as an initial treatment for PSP in Japan, therefore, the role of simple aspiration is uncertain as the initial treatment of PSP in these guidelines. Many reports have described chest tube drainage or videoassisted thoracic surgery (VATS) for the treatment of pneumothorax by thoracic surgeons (4) . However, we encountered many cases where the air leak disappeared immediately after chest drain insertion and the tube was removed within a few days. Since there is little evidence that simple aspiration has a beneficial effect for PSP (in Japan) we retrospectively analyzed the effectiveness of simple aspiration in our hospital and explored what types of cases were suitable for this treatment.
Materials and Methods
A retrospective study was performed for the period between June 2006 and October 2010 on 263 patients who were examined by pulmonary physicians at the first medical examination, out of 310 patients with spontaneous pneumothorax who came to our hospital. Seventy-two patients with secondary spontaneous pneumothorax (SSP) underlying lung diseases such as interstitial lung diseases and chronic obstructive pulmonary diseases (COPD), 5 patients with bilateral PSP, and 43 patients with severe PSP were excluded. According to the classification of the size of a pneumothorax by the Japanese guidelines, mild and moderate PSP are usually treated first by simple aspiration and severe PSP is generally treated by chest tube drainage. We enrolled 143 patients with mild and moderate PSP and treated them with simple aspiration as much as possible. Observation was chosen for 21 patients with mild PSP without symptoms, and simple aspiration was performed on 92 patients as an initial treatment. Of the 92 patients, 90 patients had chest symptoms such as dyspnea and chest pain, but no patients had hypoxemia. Chest tube drainage was chosen for 30 patients.
Simple aspiration was performed while the patients were lying in a semi-supine position. Under local anesthesia, an 18-gauge cannula was inserted into the second or third anterior intercostal space, on the mid-clavicular line, with a three-way tap and a 50-mL syringe. Aspiration was performed until no more air expelled though the cannula. When the collapsed lung of the pneumothorax was re-expanded one hour after aspiration, the patient was discharged to go home. The day after aspiration, if the size of pneumothorax was larger than before in the chest X-ray film, a chest tube was inserted. If the collapse was smaller, simple aspiration was repeated for a maximum of 3 times.
Successful outcome was defined as a complete lung expansion or only a small rim of apical pneumothorax, confirmed by a repeat chest X-ray after observation as well as a follow-up visit at least 3 days later. All of the failed cases received chest tube drainage. For the insertion of the chest tube, a 16-20 Fr chest tube was inserted and the drain was connected to an underwater seal suction with a negative pressure of 10 cm H2O. If the air leak persisted for 3 to 7 days, VATS was considered as a surgical treatment. Moreover, patients were followed up for more than 1 year with clinical visits or by telephone conversation to evaluate whether a recurrence had occurred, and the overall recurrence rate was analyzed from 4 days through 1 year after simple aspiration treatment.
Chest X-ray film at the first medical examination was measured using PACS Viewer System (Kodak) as follows: a visible vertical rim between the apex and the top of the lung (vertical rim), a visible horizontal rim between the lung margin and the chest wall at hilar level (horizontal rim). A collapsed area ratio was calculated as a ratio of the collapsed space area divided by the hemithorax area by estimating the two-dimensional size from each traced outline as shown in Fig. 1 . Moreover, the volume obtained by simple aspiration maneuver at the first examination and the clinical background of the patients were analyzed.
Two categorical variables were analyzed using chi-square test or Fisher's exact test as appropriate. All continuous data were compared using Mann-Whitney U test. For analysis of the comparison between parameters contributing to successful results, receiver operating characteristic (ROC) curves were plotted. GraphPad Prism 5 software (La Jolla, CA, USA) was used for the analyses. Data are expressed as means ± SD, and differences were considered statistically significant at p<0.05. 
Results
For the 92 patients treated with simple aspiration the initial success rate after three days was 72.5% (66 patients), except for one patient with no second visit and unknown results (Table 1 ). Of the 66 successful patients, 50 patients improved with only one aspiration and 16 patients needed repeated aspiration. All patients were treated safely without any serious complications, except for subcutaneous emphysema around the puncture area. The mean age was not significantly different between the two groups (success group: 24.0±9.3, failure group: 28.3±15.3, n.s.). The success rate of the under 30 year age group was high, whereas only one out of 4 patients from the over 50 year age group recovered. Moreover, other background factors including sex, body mass index, smoking history, previous history of pneumothorax, and the period from the onset, were not significantly correlated with a successful outcome using simple aspiration.
Next, we compared the parameters of the chest X-ray including vertical rim, horizontal rim, and collapsed area ratio to analyze the degree of PSP at the first medical examination (Fig. 1) . The size of vertical rim in the failure group was significantly larger (p=0.045) than success group whereas there was no statistically significant difference in horizontal rim between two groups (Table 2 ). However, the success rate was strongly decreased in cases with a vertical rim exceeding 8 cm and a horizontal rim exceeding 3 cm. The collapsed area ratio was also significantly increased in the failure group (p=0.025) and the success rate was strongly decreased in cases that exceeded 50%.
No significant difference was observed in the aspiration volume; however, the success rate was decreased when the volume was greater than 1,500 mL (5 out of 10 patients, 50%) (Table 3 ). Although the number of patients with a smoking history was large in the cases with an aspiration volume exceeding 1,500 mL (6 out of 10 patients), there were no significant differences between the two groups in their clinical background. To illustrate the accuracy of each parameter, we compared the vertical rim, the horizontal rim, the collapsed area ratio, and the aspiration volume as measured by area under the ROC curve (AUC). AUC was significantly increased in the vertical rim (0.637, 95% CI 0.508 to 0.765, p=0.045) and the collapsed area ratio (0.644, 95% CI 0.513 to 0.775, p=0.035).
In all 25 patients in the failure group, chest tube drainage was performed. Twenty patients (80%) required VATS due to the presence of a persistent air leak. The recurrence rate at one year was 24 (36.4%) out of 66 successfully treated patients. Only 5 out of 24 patients underwent chest drainage with recurrence while others received conservative therapy including simple aspiration.
Discussion
The initial therapeutic approach for PSP according to BTS and ACCP guidelines differs. BTS guidelines recommend simple aspiration as an initial treatment in the case of symptomatic and/or large PSP, whereas ACCP guidelines do not recognize its usefulness. Like these distinct guidelines, other countries have their own guidelines for the treatment of PSP (5) . For example, the Belgian Society of Pneumology defined a large pneumothorax as one where there is a pleural gap along the entire length of the lateral chest wall on chest X-ray. Simple aspiration is recommended in the case of symptomatic and/or large PSP, and a small-bore chest drain can be selected as well (6) . In Australian guidelines, the degree of PSP is similar to the BTS guidelines. Although large PSP requiring intervention is not clearly defined, simple aspiration is recommended as initial therapy (5). Conversely, data from Israel suggest that chest tube drainage is generally indicated when the volume of pneumothorax is >20% of the pleural space (7). This difference may relate to the severity of pneumothorax based on access to medical care and the health care system in each country. In Japan, access to medical care is relatively good and we encounter more mild and moderate pneumothorax in many cases, nevertheless, chest tube drainage is usually chosen for the initial treatment. There still are no large studies that suggest that simple aspiration therapy is advisable.
It is difficult to compare individual results among various reports since the inclusion and exclusion criteria, the severity classification, and the judging standards are different. However, two meta-analyses (8, 9) concluded that simple aspiration treatment showed rates of success equivalent to the chest tube drainage for the initial treatment of PSP. Ayed et al. (10) published a randomized study comparing simple aspiration with tube thoracostomy in 137 patients with a first episode of PSP; 1-week success rates were 89% and 88%, and 1-year recurrence rates were 22% and 24%, respectively. Chan and Lam (11) and Chan and Rainer (12) also reported 91cases where the initial success rate of simple aspiration was 50.5%, and the 1-year recurrence rate was 15.7%. Thus, the success rate is wide and varied from 30% to 80% (3) and it is known that this range depends on the differences of technique between different hospitals. The present data showed a similar trend where the 3-day success rate was 72.5% and the 1-year recurrence rate was 36.4%. The 2010 BTS guidelines commented on the effectiveness of a small bore (<14 Fr) chest drain, however, to date no randomized studies comparing simple aspiration with small bore chest drain have been published (3). Still they recommend simple aspiration as a first choice for PSP. We did not use small-bore chest drains in this study.
In the 2010 BTS guidelines patients aged more than 50 years and/or with significant smoking history were considered to be best treated as SSP with chronic lung disease (3). Only one out of 4 patients (25.0%) aged more than 50 years had a successful outcome by simple aspiration in our study while the success rate for patients younger than 50 years old was 74.7% (65 out of 87 patients). Moreover, since we did not exclude patients with previous pneumothorax and smoking history as risk factors for the recurrence (3, 13) , the recurrence rate was relatively higher than other reports. More importantly, only 5 out of 24 patients underwent chest drainage with recurrence while others recovered with conservative therapy including observation and simple aspiration.
It is known that the plain chest X-ray tends to misrepresent the size because the pleural cavity is a three dimensional structure. By using the cube function of two simple horizontal measurements, the 2003 BTS guidelines demonstrated the fact that a 2 cm radiographic pneumothorax approximates to a 50% pneumothorax by volume (2) . The choice of 2 cm is based on the safety and effectiveness of needle aspiration and the revised BTS guidelines (2010) recommended simple aspiration for the PSP patients with breathlessness and/or more than 2 cm of the horizontal rim at the level of the hilum (3). Although the ACCP guidelines urged that the PSP with less than 3 cm of the vertical rim should be treated with observation or oxygen therapy (1), the vertical measurements tend to underestimate the collapsed volume and do not show the correct size. Many approaches have been tried to estimate the correct collapsed size by measurement of chest X-ray, and the result of simple aspiration depends on the clinical backgrounds of patients and the aspiration technique itself. It is difficult to compare various reports with different clinical backgrounds, however, our aspiration techniques were consistent, performed by trained pulmonary physicians in one institution and we were able to follow as to what extent the simple aspiration would be successful. Chan and Lam (11) reported that the success rate in patients with larger pneumothorax size (more than 40%) was only 15.4%. We found that the PSP with less than 8 cm of the vertical rim and 50% of the collapsed area ratio achieved significantly better results compared with larger pneumothorax (Fig. 2) . Table 2 shows that the success rate for patients with more than 1,500 mL aspiration volume was low (50%, 5 out of 10 patients), and that no successful outcomes were observed in cases with more than 1,900 mL. Harvey and Prescott (14) noted that further re-expansion was not expected when the aspiration volume reached 2,500 mL of air. Also the BTS guidelines recommended that simple aspiration should cease after 2,500 mL aspiration, because of the presence of a persistent air leak (3). We also evaluated the correlation between the measurement of chest X-ray and aspiration volume, however, the data from the failure group did not entirely separate from the correlation curve (data not shown). These data suggested that it is difficult to estimate the treatment results from the aspiration volume unless 2,500 mL is exceeded.
We observed no serious side effects such as lung edema after simple aspiration. Some cases acquired local pain and vasovagal reflux, however, they all recovered in a very short time. Hospitalization rate was 24.2% (16 out of 66 patients) in the success group of simple aspiration, whereas the entire failure group was hospitalized after the insertion of the chest tube drainage. Twenty of 25 patients in the failure group had sustained air leak and underwent VATS within several days. Chen et al. (15) reported that VATS rather than chest tube drainage was the preferred salvage treatment after the failure of initial treatment for PSP, because of the shorter hospital stay and lower rates of overall failure and recurrence. Although VATS was associated with higher costs in the failure group, our study also validated that simple aspiration as an initial treatment was safe, well tolerated, and feasible in an outpatient facility in a majority of the cases.
In this study, we have proved that simple aspiration is a safe and effective therapy for the initial treatment of PSP in Japan, as the recent BTS guidelines and other guidelines have recommended. Simple aspiration therapy was carried out by trained pulmonary physicians, therefore, we can assert that it should be considered as a first choice in the management of mild and moderate PSP. However, it has not been widely undertaken in Japan where general physicians and surgeons, rather than pulmonary physicians, manage spontaneous pneumothorax in many cases. Since we have shown what kind of cases are successfully managed by this method for the initial treatment of PSP, we hope that this evidence will be helpful in issuing new guidelines specific for our country.
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